Abstract It was shown that incising of veneers (60-15 m/m 2 ) prior to plywood bonding allowed reduction of pressing time by 8-9% for a pressing temperature of 90°C when compared to the controls. Nevertheless, with pressing temperatures lower than normal and shortened pressing times the shear strengths of the plywood met the requirements of the respective standards.
Introduction
For plywood, total pressing time is determined by the time necessary to achieve the sufficient temperature in the most internal glueline (stack core). Chow and Steiner (1975) stated that gelling of a urea-formaldehyde resin was initiated at 75°C. Curing at the lowest possible and technologically acceptable temperature of 90-105°C improves dimensional stability of the plywood (Baldwin 1995) . During pressing at temperatures above 100°C, the steam generated in the system may disintegrate the glueline when the press is being opened too fast. Thus, it seems that simultaneous veneer incising and lower pressing temperatures result in reduced pressing times.
Veneer incising-also called "wood tenderizing" (O'Brian 1972; Hasegawa 1980; Masaru et al. 1984; Walser and Clarke 1991) -has bee known for decades. Initially, it was realized prior to drying and was aimed at shortening the drying time, improving wood susceptibility to machining as well as-in case of veneers-uniforming their strength parameters avoiding plywood twist and delamination (Walser and Clarke 1991) .
The studies by Troughton and Lum (2000) showed that veneer incising followed by steam injection provided reduction of pressing time by 27% for 21-mm thick 7-ply plywood and by 32% for 40-mm thick 13-ply LVL when compared to standard technology. On the other hand, Dai et al. (2003) stated that veneer incisions in 13-ply LVL manufacturing did not significantly affect pressing times nor mechanical performance of the product.
Materials and methods
Rotary-cut pine (Pinus sylvestris) veneers of dimensions 350 × 350 × 1.4 mm 3 and 4% moisture content were used. 15-mm long incisions were made along the fibers on the tight face of a veneer. Five series of 15-ply 20-mm plywood with various incisions length (60, 45, 30, 15 , 10 m/m 2 ) were prepared. In order to avoid glue leaks, the face veneers were non-incised. The control plywood was made of non-incised veneers. Glue rate was 160 g/m 2 (UF 100 parts, wheat flour 16 parts, 10%-solution of ammonium nitrate 3.5 parts, water 23 parts), pressing pressure 1.2 N/mm 2 and platens temperature 130 ± 2°C. The manufactured plywood was conditioned at 20 ± 2°C, 65 ± 5% RH for 7 days.
Total pressing time (t p ) was calculated from (1):
where: t g -gelling time at a given temperature, t o -time of heating the most internal glueline (stack core) to a given temperature. Three temperatures were examined: 80°C, 90°C, 100°C. For the plywood prepared at the shortest pressing time, the shear strength of the gluelines and wood failure percentage were determined according to EN 314-1 (2007) and EN 314-2 (2001) . Twenty specimens were tested in each batch.
Results and discussion
Gelling times (t g ) of the glue at 80°C, 90°C and 100°C were 315, 186 and 80 s, respectively. Times of heating the most internal glueline to a given temperature (t o ) and total pressing times are shown in Table 1 .
From the data presented in Table 1 , it is clear that incising of veneers ranging from 15 to 60 m/m 2 allows reduction of total pressing time by 4-7% at 80°C, 8-9% at 90°C and 11-13% at 100°C when compared to controls.
Series with incisions length of 10 m/m 2 exhibited no significant alternation in heat transfer dynamics.
As the data in Table 1 indicate, the shortest pressing times were determined for 90°C. Moreover, from Table 2 it is ob-vious that veneer incising does not significantly affect the dry shear strength of the resultant plywood. On the contrary to the dry strength, it occurred that the wet strengths were strongly affected by the incision length and the lowest values were observed for the plywood bearing 60 m/m 2 . The incised plywood exhibited increased wood failure percentage when compared to the control, which can be explained by the weakened cohesion of the veneers and subsequently higher susceptibility to fracture propagation. However, it must be stressed that all the series studied met the requirements of EN 314.
